CLAIMS 




What is claimed is: 



A micro-lens built-in vertical cayfty surface emitting laser (VCSEL) comprising 
a substrate; 

a lower reflector formed on the substrate; 

an active layer formed on the low^r reflector, generating light by a recombination of 
lectrons and holes; 

an upper reflector formed on th^ active layer comprising a lower reflectivity than that 
of the lower reflector; 

a micro-lens disposed in a wifidow region through which the laser beam is emitted; 
a lens layer formed on the u^per reflector with a transparent material transmitting a 
laser beam, the lens layer comprising the micro-lens; 

an upper electrode formed above the upper reflector excluding the window region; 
and / 

a lower electrode formed underneath the substrate. 



2. The micro-lens built in VCSELps recited in claim 1 , wherein the VCSEL 
satisfies a following relationship: 

f = Ifanl/(n2-n\) 

where f\s a distance along an optical axis from a light generating region of the active 
layer to a vertex of the micro-lens, R is a radiuslof curvature of the micro-lens, n1 is an 
effective refractive index of a medium on an optical path between the light generating region 
and the lens layer, and n2 is a refractive index o\a region towards which a light is emitted 
through the micro-lens. 

3. The micro-lens built-in VCSEL as recited in claim 1 , further comprising a 
high-resistance region between the upper and lower reflectors relatively close to the active 
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^ I layer, the high-resistance region having an aperture at a center thereof through which a 
flT^ current flows. 

4. The micro-lens built-in VCSEL afe recited in claim 1 , wherein the lens layer is 
formed of a material comprising at least one of silicon and a lll-V compound semiconductor, 
wherein the lll-V compound semiconductor comfflises one of indium phosphide (InP), 
gallium arsenide (GaAs), indium arsenide (InAs), raallium phosphide (GaP), indium gallium 
phosphide (InGaP), indium gallium arsenide (InGaAs), and aluminum gallium arsenide 
(AIGaAs), the material comprising a relatively larg^bandgap to a wavelength of the laser 
beam so as not to absorb the laser beam. 



5. The micro-lens built-in VCSEL as recit|d in claim 1 , wherein the micro-lens is 
formed by diffusion-limited etching. 

6. A micro-lens built-in vertical cavit/surface emitting laser (VCSEL) comprising: 
a substrate; 

a lower reflector formed on the substrate; 

an active layer formed on the lower reflector generating light by a recombination of 
^electrons and holes; / 

an upper reflector formed on the active layer comprising a lower reflectivity than that 
: the lower reflector; 



v r 
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a micro-lens disposed in a window region through which the laser beam is emitted; 

/ 

a lens layer formed on the upper reflector with a transparent material transmitting a 

/ 

laser beam, the lens layer comprising the micro-lens; 

/ 

an upper electrode formed above the upper reflector excluding the window region; 



and J 

a lower electrode formed underneath the substrate, 

/ 

wherein the window regipn comprises a maximum width smaller than a size of light 
generated in the active layer epiitted towards the window region, satisfying a Fraunhofer 
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diffraction condition, where the Fraunhofir diffraction condition occurring in the window 

■ of tWe micro-lens. 



region is offset by a focusing power < 



7. The micro-lens built-in VCSEL asVecited in claim 6, wherein the maximum 
width of the window region D and a focal length i of the micro-lens satisfy a relation: 

where X is a wavelength of the laser beam emitte c 



x 1.22#" 
from the VCSEL. 



8. The micro-lens built-in VCSEL as fecited in claim 6, further comprising a 
high-resistance region between the upper and lower reflectors, relatively close to the active 
layer, the high-resistance region comprising an aperture at a center thereof through which a 
current flows, the aperture of the high-resistance fflpgion comprising a maximum width 
greater than or approximately equal to the maximum width of the window region. 

9. The micro-lens built-in VCSEL as recited in claim 7, further comprising a 
high-resistance region between the upper and lower reflectors, relatively close to the active 
layer, the high-resistance region comprising an aperture at a center thereof through which a 
current flows, the aperture of the high-resistance region comprising a maximum width 
greater than or approximately equal to the maximum width of the window region. 

10. The micro-lens built-in VCSEL as recited in claim 4, wherein the lens layer is 
formed of a material comprising at least one of silicoxi and a lll-V compound semiconductor, 
wherein the lll-V compound semiconductor comprises one of indium phosphide (InP), 
gallium arsenide (GaAs), indium arsenide (InAs), galfium phosphide (GaP), indium gallium 
phosphide (InGaP), indium gallium arsenide (lnGaAs|, and aluminum gallium arsenide 
(AIGaAs), the material comprising a relatively large b|ndgap to a wavelength of the laser 
beam so as not to absorb the laser beam. 



11 . The micro-lens built-in VCSEL as recitgd in claim 4, wherein the micro-lens 
is formed by diffusion-limited etching. 
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12. A micro-lens built-in vertical cavity surface emitting laser (VCSEL) comprising: 
a micro-lens disposed in a window regioiwirough which a laser beam is emitted; 
a substrate comprising a transparent n)sterial transmitting the laser beam, the 
subsjfete comprising the micro-lens; 

a lower reflector formed on the substrate; 

an active layer formed on the low^r reflector, generating light by recombination of 
electrons and holes; 

an upper reflector formed on ythe active layer comprising a higher reflectivity than that 
of the lower reflector; 

an upper electrode formed on the upper reflector; and 

a lower electrode formep on a portion of the substrate excluding the window region 
through which the laser beaq/is emitted. 

& \ 

^ 13. The micro-lens built in VCSfL as recited in claim 12, wherein the VCSEL 
satisfies a following relationship: 

/ =kxwl/(/i2-»l) 

where fis a distance along an opticalraxis from a light generating region of the active 
layer to a vertex of the micro-lens, R is a radifis of curvature of the micro-lens, n1 is an 
effective refractive index of a medium on an o&tical path between the light generating region 
and the lens layer, and n2 is a refractive index pf a region towards which a light is emitted 
through the micro-lens. 



14. The micro-lens built-in VCSEL asrecited in claim 12, further comprising a 
high-resistance region between the upper and lower reflectors relatively close to the active 
layer, the high-resistance region having an aperture at a center thereof through which a 
current flows. 



15. The micro-lens built-in VCSEL as reSited in claim 12, wherein the lens layer is 
formed of a material comprising at least one of silicon and a lll-V compound semiconductor, 
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^ wherein the lll-V compound semiconductor comprises one of indium phosphide (InP), 
gallium arsenide (GaAs), indium arsenide flnAs), gallium phosphide (GaP), indium gallium 
phosphide (InGaP), indium gallium arsenideMlnGaAs), and aluminum gallium arsenide 
(AIGaAs), the material comprising a relative!^ large bandgap to a wavelength of the laser 
beam so as not to absorb the laser beam. 

16. The micro-lens built-in VCSEL |s recited in claim 12, wherein the micro-lens 

V- A micro-lens built-in vertical cavihf surface emitting laser (VCSEL) comprising: 
a micro-lens disposed in a window regiori through which a laser beam is emitted; 
;l a substrate comprising a transparent material transmitting the laser beam, the 

substrate comprising the micro-lens; / 

a lower reflector formed on the substrate; 

an active layer formed on the lower reflector, generating light by recombination of 
electrons and holes; / 

an upper reflector formed on the active layer comprising a higher reflectivity than that 
of the lower reflector; / 

an upper electrode formed on' the upper reflector; and 

a lower electrode formed ox\la portion of the substrate excluding the window region 
ftS through which the laser beam is emitted, 

wherein the window region comprises a maximum width smaller than a size of the 
light generated in the active layer and emitted towards the window region, satisfying a 
Fraunhofer diffraction condition where the Fraunhofer diffraction condition occurring in the 
window region is offset by a fqpusing power of the micro-lens. 

Cr 7 18. The micro-lens built-in VCSEL\as recited in claim 17, wherein the maximum 



idth of the window region D and a focal length fof the micro-lens satisfy a relation: 



D=\j2x\22Zf 

where X is a wavelength of the laser beam emitted from the VCSEL. 
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1 9. The micro-lens built-in VCSEL as recited in claim 1 7, further comprising a 
high-resistance region between the upper and lofoer reflectors positioned relatively close to 
the active layer, the high-resistance region comprising an aperture at a center thereof 
through which a current flows, where the aperturejof the high-resistance region comprises a 
maximum width greater than or approximately eqi al to the maximum width of the window 
region. 

20. The micro-lens built-in VCSEL as r< cited in claim 18, further comprising a 
high-resistance region between the upper and lower reflectors positioned relatively close to 
the active layer, the high-resistance region comprising an aperture at a center thereof 
through which a current flows, where the aperture of the high-resistance region comprises a 
maximum width greater than or approximately equ^ to the maximum width of the window 
region. 



EC! 
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21. The micro-lens built-in VCSEL as recited in claim 17, wherein the lens layer is 
formed of a material comprising at least one of silicon and a lll-V compound semiconductor, 
wherein the lll-V compound semiconductor comprises one of indium phosphide (InP), 
gallium arsenide (GaAs), indium arsenide (InAs), gallium phosphide (GaP), indium gallium 
phosphide (InGaP), indium gallium arsenide (InGaAs)land aluminum gallium arsenide 
(AIGaAs), the material comprising a relatively large bai|dgap to a wavelength of the laser 
beam so as not to absorb the laser beam. 




22. The micro-lens built-in VCSEL as recited \\ claim 18, wherein the micro-lens 

is formed by diffusion-limited etching. 

\ 

^3. A micro-lens built-in v§rtfcal cavity surface emitting laser (VCSEL), 
comprising: 

a micro-lens integrally formed on a laser beam emitting surface of the VCSEL 
emitting a parallel light bear 
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24. The micro-lens built-in VCSEL as recited in claim 23, furtl^r comprising: 
a substrate; 

a lower electrode formed underneath the substrate; 
a lower reflector; 

an active layer comprising a light generating regfon; 

an upper reflector comprising a relatively/^Wer reflectivity than that of the lower 
reflector; 

a lens layer formed on the upper reflector, wherein the micro-lens is formed in a 
window region of the lens layer througb^which the light beam is condensed and emitted; and 

an upper electrode formed on a portion of the lens layer excluding the window region, 
wherein the window region is defined by the upper electrode and the micro-lens. 

N 

* C { / 25. The micro-lens built-in VCSE . as recited in claim 24, wherein the first focal 
(Jk, point of the micro-lens is positioned in the lie ht generating region of the active layer, so that 
the light beam generated in a narrow light ge nerating region is incident on and condensed by 



the micro-lens, and is emitted as the parallel 

26. The micro-lens built-in VCSEL 
a high-resistance region between the 



ight beam. 

as recited in claim 24, further comprising: 
jpper and lower reflectors relatively close to 



the active layer, the high-resistance region he ying an aperture at a center thereof through 



which a current flows comprising a maximum 
the maximum width of the window region. 



width greater than or approximately equal to 



27. The micro-lens built-in VCSEL as recited in claim 26, wherein the aperture is 
small where the current applied through the upper electrode passes a region on the active 
layer and the light beam is generated in a dot-sized region of the active layer. 



28. The micro-lens built-in VCSEL as recited in claim 23, wherein the micro-lens 
lies along a central optical axis of the light bearroemitted from the VCSEL. 
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A i 29. The micro-lens built-in VCSEL a? recited in claim 24, wherein the lower 

C I 

* reflector, the active layer, and the upper reflect* are sequentially stacked on the substrate. 



30. The micro-lens built-in VCSEL aslrecited in claim 24, wherein the substrate is 
formed of a semiconductor material comprising r&doped gallium arsenide (GaAs), aluminum 
gallium arsenide (AIGaAs), indium arsenide (lnAs|>, indium phosphide (InP), gallium 
phosphide (GaP), indium gallium phosphide (InGaP), indium gallium arsenide (InGaAs), or 
gallium phosphide (GaP), the material comprisingla relatively large bandgap to a wavelength 



of the laser beam so as not to absorb the laser be 



m. 



31 . The micro-lens built-in VCSEL as re cited in claim 24, wherein the lower 
m) reflector and the upper reflector are formed of alte nating semiconductor compounds 

comprising different refractive indexes. 

iii 
ry 

f'| 32. The micro-lens built-in VCSEL as recited in claim 24, wherein the substrate is 

^| doped with n-type impurities, the lower reflector is [doped with the same n-type impurities and 

3 the upper reflector is doped with p-type impurities. 

E 

Q 

M 33. The micro-lens built-in VCSEL as recited in claim 24, wherein the active layer 

is formed of GaAs, AIGaAs, InGaAs, InGaP and/or |\IGaAsP according to a wavelength of 

U 

H the light beam. 

34. The micro-lens built-in VCSEL as recjjted in claim 24, further comprising: 
a high-resistance region comprising an aperture at a center thereof through which 

current applied through the upper electrode flows arSd high-resistance region is formed by 
implantations of ions or by selective oxidation in a region of the upper reflector. 

35. The micro-lens built-in VCSEL as recited in claim 24, wherein the lens layer 
comprises a thickness of several micrometers and is formed of a material having a relatively 
wide bandgap to a wavelength of the light beam generated from the VCSEL. 
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comprises a convex surface formed by diffusion-l 



36. The micro-lens built-in VCSEL as i ecited in claim 23, wherein the micro-lens 



mited etching. 



37. The micro-lens built-in VCSEL aslrecited in claim 24, wherein the upper 
electrode is formed on the lens layer or betweerfthe upper reflector and the lens layer. 



38. The micro-lens built-in VCSEL as recited in claim 24, wherein a distance 
along an optical axis from the light generating region to a vertex of the micro-lens is equal to 
a focal length of the micro-lens. 
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39. The micro-lens built in VCSEL as incited in claim 38, wherein the VCSEL 
satisfies a following relationship: 

f = Rxn\/(n2-nl)\ 

where f \s a distance along an optical axis from thellight generating region to the vertex of 
the micro-lens, R is a radius of curvature of the micro-lens, n1 is an effective refractive index 
of a medium on an optical path between the light generating region and the lens layer, and 
n2 is a refractive index of a region toward which theyight beam is emitted through the 
micro-lens. 



40. The micro-lens built in VCSEL as recited in claim 38, wherein the VCSEL 
satisfies a following relationship: 

n\IS\ + n2IS2 = {n%-n\)IR 
where S1 is a distance from the light generating region of the active layer to a vertex of the 
micro-lens on the optical axis, S2 is a distance from tne vertex of the micro-lens to a second 
focal point of the micro-lens, n1 is an effective refracm/e index of the medium from the upper 
reflector and the lens layer, and n2 is a refractive ind|x of a region toward which the light 
beam emitted through the micro-lens travels. 
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41. The micro-lens built in VCSEL as recited in claim 24, wherein as a forward 
I biased current is applied to the micro-lens built-in J/CSEL through the upper and lower 
electrodes, the light beam comprising a particular wavelength through laser oscillation is 



fl! 



(3 



transmitted through the upper reflector and the lei 
micro-lens and emitted as the parallel laser beam 



layer and is condensed by the 



42. The micro-lens built in VCSEL as rqcited in claim 23, wherein the VCSEL is a 
top-emitting type VCSEL. 

43. The micro-lens built-in VCSEL as re :ited in claim 23, further comprising: 
a substrate, wherein the micro-lens is formed in the window region of the substrate 

through which the light beam is condensed and em tted; 
a lower reflector; 

an active layer comprising a light generating]] region; 

an upper reflector comprising a higher reflectivity than that of the lower reflector; 
a lower electrode formed underneath the substrate excluding a window region 
through which the light beam is emitted; and 

an upper electrode formed on the upper ref^ctor, wherein the window region is 
defined by the lower electrode and the micro-lens. 



44. The micro-lens built-in VCSEL as recited in claim 43, wherein a first focal 

I 

point of the micro-lens is positioned in the light generating region of the active layer, where 



the light beam generated in a narrow light generating 



region is incident on and condensed by 



the micro-lens, and is emitted as the parallel light beam. 

45. The micro-lens built-in VCSEL as recited in claim 43, further comprising: 
a high-resistance region between the upper and lower reflectors relatively close to 
the active layer, the high-resistance region comprising an aperture at a center thereof 
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through which a current flows comprising a r laximum width greater than or approximately 
equal to the maximum width of the window r sgion. 



46. 



The micro-lens built-in VCSE 



as recited in claim 43, wherein the lower 



reflector, the active layer, and the upper refle ;tor are sequentially stacked on the substrate. 



47. The micro-lens built-in VCSEL 
of stacked layers of the lower reflector is sme 
reflectivity of the lower reflector is lower 
beam is emitted through the lower reflector. 



as recited in claim 43, wherein when a number 
Her than that of the upper reflector, the 
thanfthat of the upper reflector and most of the laser 



48. The micro-lens built-in VCSEL as recited in claim 43, wherein the substrate is 
formed of a semiconductor material comprising n-doped gallium arsenide (GaAs), aluminum 
gallium arsenide (AIGaAs), indium arsenide (InAs), indium phosphide (InP), gallium 



phosphide (GaP), indium gallium phosphide 
gallium phosphide (GaP). 



nGaP), indium gallium arsenide (InGaAs), or 



49. The micro-lens built-in VCSEL as recited in claim 43, wherein the lower 



reflector and the upper reflector are formed of 
comprising different refractive indexes. 



alternating semiconductor compounds 



50. The micro-lens built-in VCSEL as recited in claim 43, wherein the substrate 
comprises a material having a relatively wide randgap compared to a wavelength of the light 



beam generated from the VCSEL, so as not to 
from the lower reflector. 



absorb, but transmit the laser beam incident 



51 . . The micro-lens built in VCSEL a > recited in claim 43, wherein the VCSEL 
satisfies a following relationship: I 

f=R'xnlf/(nT-nV) 
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where R' is a radius of curvature 



of the nrj c 



|pJ[ of a medium along an optical path between the 
the micro-lens, and n2' is a refractive index of a 
through the micro-lens, f is a distance from the 
micro-lens along the optical axis. 



cro-lens, n1' is a effective refractive index 
ght generating region of the active layer and 
egion toward which the light beam emits 
ght generating region to a vertex of the 



52. The micro-lens built in VCSEL as recited in claim 43, wherein as a forward 
biased current is applied to the micro-lens builtln VCSEL through the upper and lower 
electrodes, a laser beam comprising a particular wavelength through laser oscillation is 



transmitted through the lower reflector and the 
and emitted as the parallel laser beam. 



substrate and is condensed by the micro-lens 




53. The micro-lens built in VCSEL |s recited in claim 43, wherein the VCSEL is a 
bottom-emitting type VCSEL. 

54. The micro-lens built-in VCSEL as recited in ;zfaim 23, further comprising: 
a substrate; 

a lower electrode formed underneath the su^trate; 
a lower reflector; 

an active layer comprising a light gengfating region; 

an upper reflector comprising^ relatively lower reflectivity than that of the lower 
reflector; 

a lens layer formed on the^3pper reflector, wherein the micro-lens is formed in a 
window region of the lens layer'through which the light beam is condensed and emitted; and 
an upper electrode^ormed on a portion of the lens layer excluding the window region, 
wherein the window regi&n comprises a diameter satisfying a Fraunhofer diffraction condition 
and is defined by the'upper electrode and the micro-lens. 
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^ ■ 1 ' 55. The micro-lens built in VCSEL as 
region comprises a maximum width smaller than 
active layer emitted towards the window region 



ecited in claim 54, wherein the window 
size of the light beam generated in the 



56. The micro-lens built in VCSEL as recited in claim 54, wherein the Fraunhofer 



diffraction condition of the window is offset by a fo 
parallel laser beam is emitted through the micro 



:using power of the micro-lens so that a 
[ns. 



rii 



o 
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57. The micro-lens built in VCSEL as respited in claim 56, wherein the diameter D 
of the window and a focal length f of the micro-lend satisfy a following relationship: 

where A, is a wavelength of the light beam emitted fijom the VCSEL. 

58. The micro-lens built-in VCSEL as recited in claim 54, further comprising a 
high-resistance region between the upper and lower reflectors relatively close to the active 
layer, the high-resistance region comprises an aperfure at the center thereof through which a 
current flows. 



59. The micro-lens built in VCSEL as recited in claim 58, wherein the diameter of 
the window is smaller than or approximately equal tp a diameter of the aperture of the 
high-resistance region. 

60. The micro-lens built in VCSEL as reqited in claim 54, wherein the window and 
the micro-lens are positioned on a same plane. 

61 . The micro-lens built in VCSEL as recited in claim 54, wherein the Fraunhofer 
diffraction condition satisfies a following relationship 



N 
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where N f is a Fresnel number, A. is a wav< 
VCSEL, D is the diameter of the window, and d is 



observing plane, which is one focal point of the n icro-lens. 



62. The micro-lens built in VCSEL as ecited in claim 54, wherein the micro-lens 



ength of the light beam emitted from the 
a distance from the window to an 



is positioned in front or behind the window or the 
on a same plane. 



micro-lens and the window are positioned 



ecited in claim 54, wherein when the 
me plane and only a O^-order diffracted 



63. The micro-lens built in VCSEL as 
micro-lens and the window are positioned on a s 
beam comprising a high intensity is considered, a radius R s of the O^-order diffracted beam 
satisfies a following relationship: I 

U\2M 



D 

where A. is a wavelength of the light beafn emitted from the VCSEL, D is the diameter 
of the window, and d is a distance from the window to an observing plane. 



64. The micro-lens built in VCSEL q]s recited in claim 54, wherein the VCSEL is a 
top-emitting type VCSEL. 
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